
providing a larger share of transponder power to disadvantaged mobile terminals and a smaller

share to normally advantaged terminals, without significantly degrading overall signal quality.

Additional tests were completed in 1988 and 1991, directed toward testing COMA as a

cellular transmission modulation technique. The 1991 tests demonstrated a complete cellular

system, including connection to the Public Switched Telephone Network, complete handoff

facility between cells, call set up and tear down. Additional tests of microcell operation and

wireless local loop applications are now in progress. This thorough testing program has

established that COMA provides for greater spectrum efficiency than other modulation access

schemes such as TDMA. The testing also proves that high capacity and quality transmissions

can be achieved without a complex satellite system such as Motorola's.

Thus, LQSS has, through its separate supplemental material filed today, as well as its

original pioneer's preference request and other filings, provided a basis for a grant of a preference

for the Globalstar™ system.
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VII. Conclusion

Based on the foregoing, LQSS urges the Commission not to grant a pioneer's preference

to Motorola Satellite Communications, Inc., for the Iridium™ system, but rather, grant a

pioneer's preference to LQSS for the demonstrated technological innovations embodied in the

Globalstar system which will fulfill the purposes of the Pioneer Preference rules as well as serve

the public interest.

Respectfully submitted,

LORAL QUALCOMM SATELLITE SERVICES, INC.

By/~lr'~
Linda K. Smith, Esq.
Robert M. Halperin, Esq.
William D. Wallace, Esq.
Crowell & Moring
1001 Pennsylvania Avenue N.W.
Washington, D.C. 20004-2505
(202) 62 2500

~.B .,-.;;:,"'- -#- _

Leslie A. Taylor, Esq.
Leslie Taylor Associates
6800 Carlynn Court
Bethesda, MD 20817-4302
(301) 229-9341

June 12, 1992
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APPENDIX A
CHARTl

Qualcomm Patents to be Utilized in the
Globalstar™ System

PATENT NO. DATE ISSUED INVENTION

U.S. Patent No. Feb. 13, 1990 Spread Spectrum Multiple
4,901,307 Access Communication System

Using Satellite or Terrestrial
Repeaters

U.S. Patent No. Oct. 8, 1991 Method and Apparatus for
5,056,109 Controlling Transmission

Power in a CDMA Cellular
Telephone System (System)

U.S. Patent No. March 24, 1992 Linear Gain Control Amplifier
5,099,204

U.S. Patent No. March 31, 1992 Method and System for
5,101,501 Providing a Soft Handotf in

Communications in a CDMA
Cellular Telephone System

U.S. Patent No. April 7, 1992 System and Method for
5,103,459 Generating Signal Waveforms

in a CDMA Cellular Telephone
System (Forward Link
Modulation)

U.S. Patent No. April 21, 1992 High Dynamic Range Closed
5,107,225 Loop AGe Circuit

U.S. Patent No. April 28, 1992 Diversity Receiver in a CDMA
5,109,390 Cellular Telephone System



CBART2
Patent Pending •• Globalstar™ System

1. Space SystemslLoral U.S. Patent Application 14586-24191-8, Wireless Telephone
Satellite Roaming System, including schematics. Filed March 29, 1991. Patent is
pending.

2. European patent pending in France, Great Britain, Italy and Germany, for
Wireless Telephone/Satellite Roaming System. Filed November 3, 1991.
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United States Patent [19]

Gilhousen et al.

[11] Patent Number:
[45] Date of Patent:

4,901,307
Feb. 13. 1990

[54] SPREAD SPEcrRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING
SATEllITE OR TER.RFS11UAL REPEATERS

[75] Inventon: IOeia S. GDho.... San Diego; InriD
M. Juo'" La Jolla; LiDdIay A.
Wea?er, Jr.. San Diego, all of Calif.

[73] Assignee: QaaIc:omm, IDe., San Diego, Calif.

[21] Appl. No.: 92t.261

[22] Filed: Oct. 17, 1986

[51] 1Dt. CL' H04J 13/00
[52] U.s. CL 370/18; 375/1
[58] Field of Sesn:h •.•••••••.•••••••• 370/18, 19, 95; 375/1

[56] Refereac:es Oted

U.S. PATENT DOCUMENTS

3.596,002 7/1971 Ohnsorge et &1••••••••••••••••••••• 179/15
3.761.813 9/1973 Perrin 325/4
4.030.033 6/1977 Bib1 et &1 325130
4.114.155 9/1978 Raab 343/105
4.164,628 8/1979 Ward et &1 179/15
4.172.257 10/1979 Mahner 343/854
4.189,677 2/1980 Cooper et &1 325/321
4.191.410 9/1981 Caples et &1 375/1
4.222.115 9/1980 Cooper et &1 375/1
4.291.409 9/1911 Weinberg et &1 375/1
4,359.733 11/1982 O'Neill 343/6.5
4,426.712 1/1984 Gonki·Popiel 375/96
4,455,651 6/1984 Baran 370/104
4.470,138 9/1984 Gudeber 370/18
4,494,228 1/1985 Gudeber 370121
4,512.024 4/1985 Gudeber 370/18
4,703.474 10/1987 FoschiDi et &1 370/18

FOREIGN PATENT DOCUMENTS

2125654 3/1984 United Kingdom 370/18

OTIlER PUBLICAnONS

IEEE Communications. vol. 24, No.2, Feb. 1986. pp.
8-15. CelluJar System Design: An Emerging Engineer.
ing Discipline. James F. Whitehead.
IEEE Transactions on Aerospace and Electronic Sys·
tems, vol. AE5-4, No. S, Sep. 1968, Air-Ground,
Ground-Air Communications Using Pseudo-Noise
Through a Satellite, Blasbalg, Naijar, D'Antonio, Had·

dad, IBM Center for Exploratory Studies, IBM Space
Systems Center.
IEEE Transactions on Vehicular Technology, vol.
VT-27, No.4, Nov. 1978, A Spread-Spectrum Tech
nique for High-<:apacity Mobile Communications,
George R. Cooper, Raymond W. Nettleton.
Article from Telecommunication Journal, vol. 4S. Jan.
1978 titled Spread-Spectrum Principles and Possible
Application To Spectrum Utilization and Allocation by
W. F. Utlaut.
Article from IEEE Communications Magazine, Mar.
1978 titled Cellular Land-Mobile Radio: Why Spread

(List continued on next page.)

Primary EJramill~r-Doug1asW. Olms
Anomq, A~tlt, or Firm-Brown, Martin, Haller &
McClain

[S7] ABSTRAcr
A multiple access, spread spectrum communication
system and method for providing high capacity com·
munications to, from. or between a plurality of system
users, using code-division-spread-spectrum communica
tion signa!s. The communication system uses means for
providing margiDal isolation between user communica
tion signals. The margiDal isolation is provided by gen
erating simultaneous multiple steerable beams: using an
oDUli~ectional antenna with polarization enhance
ment; using power control devices to adjust the output
power for user generated communication signals either
in response to their input activity level, or in accor·
dance with a minimum allowable power for maintaining
a communication link. The communication system can
also employ a means for transmining a predetermined
pilot chip sequence contiguous with the code-division
spread-spectrum communication signals.

In further embodiments the communication system
employs a plurality of user terminals linked to each
other or to other services through one or more terres·
trial or satellite repeaten. Multiple satellite repeaters
are operable in a new communication mode to obtain
further gains in signal isolation.

46 Claima, 11 DrawiDl Sheets
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us. Patent Feb. 13, 1990 Sheet 2 of 11 4,901,307

ATTN. RANGE
(dB)

o I

I 2
2 3
3 5
5 7
7 10
10 15
15 25
25 00

ANTENNA MARGINAL GAIN
CUM. ANGLE 6ANGLE # USERS WTD#USERS

(.) (.) (USERS) (USERS)

0.6 0.6 189 188.59
1.0 0.4 126 99.87
1.4 0.4 126 79.33
1.8 0.4 126 63.01
2.1 0.3 94 29.82
2.4 0.3 94 18.81
2.8 0.4 126 12.57
3.2 0.4 126 3.98
7.4 4.2 1320 4.17

TOTALS

FDMA REUSE FACTOR
2.64

7.4 2326 500.17
CDM A REU SE FACTOR

4.65

Fl G. I b

RELATIVE CAPACITY INCREASE AND
POLARIZATION ISOLATION VI. ELLIPTICITY

ELLIPTIC ITY AXIAL CAPACITY POLARIZATION
(d B) RATIO INCREASE ISOLATION (dB)

0.00 1.00 100~. _00

2.00 0.63 79% -18.81
4.00 0.40 63% -12.91
6.00 0.25 &O~. -9.57
8.00 0.16 40~. -7.32

10.00 0.10 32~. -5.69
12.00 0.06 2&% -4.46
14.00 0.04 20% -3.51
16.00 0.03 16% -2.78
18.00 0.02 13~. -2.20
20.00 0.01 10% -1.74

FIG. 14
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SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNlCAnON SYSTEM USING SATELLITE

OR TERRES1'RIAL REPEATERS

4,901,307
1 2

peater aDd tbe ocher for downJiak and conuol sipais to
IIIeIL 1D addition. some ch'nNI. may be allocated for
Idditiau.l UIeI' protocol and call conuol. Therefore. the
Dumber of simultaneous UIeJI is much lower than. the

, .,.,.,.. nUlllber of c:ItaaneJs.
BACKGROUND OF TIlE INVENTION Syscem capllCity c:u be incrased by increuing the

TecbDical Field Damber of ch..... but this decreases channel band·
The present invention re1a&es to multiple access com- width~ _II voice quality and the use of ~gh

IIlUIIication sy.tems and more particularly to a method ~ daca fI!IDIl'" I~ ~e preferred cechnique
aDd apparatus for employinl Code OiYilion Multiple 10 for iac:reuaII..,.. caplCtty ~ frequency reuse. Fre·
Access (COMA) sprad spectr\UD sipais to provide ~reasellthoproc=-.of~lthesamefrequency
communication services for mobile or remote user ter- 1D CWO ........ poanphic repoas for two distinct
minals lllini satellite or terrestrially baled repeater ape CO'DIIUIIIicI~ liakI u long u the cwo regions are
paratus. The present inveation funher relates to utiliz- 1 ....,eced .or~.from each other by a minimum
iDa COMA spread spec:tnUD .ipais with multiple beam 'value for Ilpal. fejeCUOD by the two user receivers.
pbuecl array repeater antenDU. polarization enhanced Typical iRdlliaa or arteDuation requirements for
ollUli~irectionallDobiJeanreanas. voice or data activity adequate rejIctioaofUDWaIlted sipaJs are on the order
switehinl. adjustable user terminal power control, and of 15 dB (FM~ to 30 dB (AM) or more down from
L frequency band communication links. 20 the desired IipaIs. 1'beNfore, a colDlllwUcation system

can be sulMIivided iato popaphical regions and the
Background 11IM hqt Wey caa simulcaneously be "reused" in

There bu been a lonl-standial need to provide qual- neiPboriDl ftIioDI which are isolated from each other
ity c:ommunication~ to many gro~ of service by the apprOpr'IJte attelluation. This tecbDique is easily
UIer'I that ~ clusified u remote or mobile ~.both. IS applied In laadmobile radio systems since radio waves
T'beIe UIen mclude 1UBl ~ephone sys~ police~ are iJlbereDtly acteD..-ed proportional to the square of
ocher l~verDlllenw apDCIeI.co~dispate~1 the diIttnce··flaaa the ndiatins source (ia free space).
aDd papal syscems, emerpncy servu:es. ~~ SY*IDS~ ia larle urban uas actually appear
t*pbone. In the pill tbeIe needs were paniI1ly saas- to upcrienc:e IIr) to IIrs aueauation due to buildinp
fled by land mobile radio. However. these services have and other abIorbina itNCIGi&
alwaya bee:- r.cecs wicb more potential users than ~ys- JO Users aeoanPbically reIDOWcl from each olher by an
teal ~ty. 1bef~ or SJ'edr.al ~width ~ diItaDce ........y have their colDlllunica.
aJ1cx:aaoes do DOt provide enoqh c:&pICltr to sunulta- tioD...... atteIl"- wiIb respect to each other.
neousJy baDdJe.the ~w.D~ of~tial users. 1"berefoIN. • cnnauaicatiaa system can be constructed

Eva so, pnv&te indiYiduaJa. .bUllD.'es, ~ .rww 3' ....MWra1.~bile stations positioned so
c-.. o~ usen,~ u ~~~_;~"D'~aa:" &bat siIIU &ala adjIaaI..... experience a IS to 30
are~I an ever mcreuual~ I.or serYI~ or dB aa.ethJaIiaD with reIIlI'CC to IICh other. To further
boIIa.mobiIe'" remote IIIeIL A lup mcreue 1D the increIIe ....-.itv the --'~I' ed b
nlllllber or remotely acceaible comPUteri and daca sya- -':--1 ~-r,-~ serv Y
teIDI bas also created a demaDd for remote and mobile ":-~ are divided aato s~velys~
diaiw data commUllications in Idditioll to voice com- 40~w~are""""~die apptOpnace attellU&UOD
municatioDl. In addition. Dew types of remOte daca or ~1aIioa. tQ~ for 1I1~:n.ld frequency reuse.
collection or sensial. aad alphanumeric keypad or key_ ~. is the .... for cellular telephone tee:bnololY
baud entry systems are beiq proposed which caa not which II the curreat approacb to ICCOmalodatilll.lule
be serviced by curreot COIIUDwUcation sYSUIIDI. There- D1IIDba:s of~ UIII'I: Here. ach ceU comp~ a
fore. new c:ommUDic:ation systemS are beiDa proposed 4'~ I'eIIQIl ~ a.c:en~ bue s~on
aDd built to serve these dem,nds for service. ~bicb_lIM ~~uonliDes~ SWItch·

III buiJdinl or implemeotial any DeW COIDIDunicatioll .. sys__ tD f_ • iDwlinked system wtth other
systeID. the by illue for both the desiper aDd the end ..stdoIa 10 - the OII1y Iirbome traDI~nsare
&lief is the chanael capecity of the system. In a coauner- localized a:ar- Ibe ceIL To dec~_ mutual lDterf~-
ciil~ClII*itY tnIIIIIates dinlctJy into income or 50 eace 1IId... ..s~ ~ty. frequencr usc: IS

~ feuibi1ity wtJch ia importaDt to the system controlled ~ rDmanum amount of ISOlaaoll
operator. siDce capacity determiDes the number of reve- betwea ..... '" cbaanels 10 that at leut olle
Ilue aaentiDl UIen that CaD be accotIIIDOd.ret The "pard" cell iI~.d between two users usial the
nUlDber of allowable users is ia turD importaDt to the same.ch...... I!Idl GIll is Jarp enoqh so that sipals
poteDtiaJ service IIIeIL The number of siIDultaaeous 55 CfClIIIq • CIiU an ......... substaDtial amount so
users aDd. therefore. capacity supported by any COIIIIDU- that m.y lie pll'ceiwd • lower level aoiae ia distant
Dic:ation system is detenDiDed by the amount of mutual celJs T1ae~ --. employs a central conuoUer
iaterfet'enc:e between IIIeIL that usee~ pn3=";nl teebnoiolY to keep track

Current mobile radio services operate • frequency of aU the .... .1Ii...... within the system 10
division multiplexed (FOM) or frequency division mul- 60 maintaia tMnq"'" c:hanDel isolation. However.
tiple IC:CaI (FOMA) systemS which divide the .vail- baDd-otr DOW becaIDeI. prob.... In baDd-ofl'. a mobile
able buldwiclth iato smaller bands or ch.nnels. To de- user~ froID ODe cell where the current frequency
crase mutual interference some of the bandwidth is is allowed iaeo • ce11 where ic is DOC. This requires the
abo _ped to "pard buds" between channels to system 10 cbaDp the fnqueDCieI used for the coauawU-
provide .nemwion or isolation between users. Full 65 cation link. If a c:hanDel is unavailable in an adjacent
duplex communication requires two chumels. The total cell. the call fails abruptly .t cell borden.
Ilumber ofchannels is generaJJy divided in half. one half A related prob1erD of current channel assignment
beiDl for uplink and call colluol to a central base reo schemes is the inability to have instant access to the
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COIIIIIluaicacioD syuaa at aDy time. O,aael Ulip- each rqioD. If the sipaJI iD acb rqioa or aD&eIIDa
maD iDc:raM the tilDe the ceatral CODUOller requires pattenl experieDce aD atteDuation OD the order of say 10
to .lbUIb • COIIIIDUIlicaIi IiDk aad may eYeIl preveDl db willi respect to dloIe iD die ..... aeilbboc reaioD
caDs f'rom beiDl eItIb1iIbed. &lid 20 dB willi respecllO die DUl adjaceal repou aDd

CeDuiar syltemlaIaO suffer f'rom maldpalll problems. 5 so fonb. lbea a liVeD freqaeacy CaD be rnsed two
especially Dell' ceO borden. wilen users receive desired reaioDI .way baled OD 20 dB ...aMcy rejecdon. This
sipals bolll f'rom I ceatral trIdUIIiuer IDd sources such roup1y doubles the DlaIDber of ... allowed at any
u retleclioDI from bujldinp. IIthesipail add OUI of lime witbiD I U'UIICOIdiDeIit c:ommllllic:ltioD syslelD.
pbut lbeIl lbey may caaceJlDd become severely de- However. tbiI doeI DOl match demMd for terYices.
Jnded. This problem iI a1Io eaeouacered iD radio le1e- to AIlteDll& deli.... ave be.a propGled wbich would
pboDe &lid odler CUft'eDl mobile systems. sea the aDleDDI pauems ICfOII tbe tIrpt poarapbic

A siIIIi1* problem occurs for mobile 1IIeI'I IDOYiDI rePoM UIiq advaaced fnqueac:y ,"""iDI teebniques•
•way f'rom ceattal b'IDIIIIiaen at speeds lbat give rile 11IeIe aDleIIDIlC.... lIkI adVlllClp of tbe·faclthal
to Doppler efreca aDd pbut sbifta. Here the SWKIiDI clift'erent freqaeaciel CaD be ret1ected II diff'ereDtlDl1es
wave pattenl &om die lIUIIIIifter appears to fade every 15 by. liveD aDleDDI ret1ector • used OD COIIIID1IIIication
haltwave1eqdl creatiDI coalimlal recepUoa problems. saaeUiteL TbiI_lbat. tbe (nqlleDCiei U'UIIDiued
In addilioa. moDoa OD tile order of70 mpb CaD produce by die ID..... ndIator.~ chuae.tbe vinual spot
Doppler sbiftI OD the order of +/-80 Hz at frequea- creaIeCl OD the eanh by tbe Nfteclor will move.
cies of 800 MHz wbich CaD iDcr~.1I iDter-cblllael iDter- I. dIiI· ...... tbe IU'lICClIre iI made to
fereace. 20 alter tbe .,.. Iocaiaa. Howewr.lUCllleCbDiques use

The PM type ceUuIar IDd radio leiephoDe system tbe ..... ItnICCtft ... direcI: cIiftIIteDc frequeacies to
broMcula are DOl eftIcieDt teeb8iqueI for tnIIIferriDl cIift'ereDt rePoaI. dluI f'aiIiq to faDy take adv.II.le of
diIitaI dall sipals. CurreDl1llel' ""Iadt call for data rteqlllDCY mile by aIIocIdD. oaIy • ponioD of the lotal
tfIAIII!ilsiOD IiDb lbat are hip quality ahibitiq very ....... to eKb reaiOL
low bit error rues OD the order of 10-6or 10-'at data u Satellite IYIf8IIII do DOl _ tetreItriaIIy baed repeat-
lrIDIf'er rues OD the order of 2400 to 4800 baud willi ers tbat~ ditectly willi ... or I series of
fuIare data U'IDIfer rates ateDdia. up to .9,200 baud. maltiple IMelliteIlbat COIIIIDaaic:aIe wilb the ...... user.

lacrealial captICity by..IIIIalIer ceUs iI ..fu1 iD Tbel'efore. carnat .,... do DOt provide Wliversa!
larae. JUab DIet deaIity. meaopoIitaa or arbIa repa_ .mce. lbat it. the ability for UllIn to cbup position
but DOt iD low 1IIeI""" nnl rqioaa. Iacrased 30 owr a Jarp popapbicaI .ad Itill be able to
capecity iI DOlIikely.,·be ICbieved ecoDOIIIically (cost ~ wimaut .ai...... tr8IIMDiuioD
of... IlIIioa v.- ..... of__ served in rqioa) eqtIipIDeat or aew~ beDdL Ia DItIIIipIe I&lellite
ia raal areII.lIwref'ore. wldIe cell..teIepbaae meets .,- frequeIcy~ waaId be 1iaIit8d by tbe iIoII-
tome oftbe of.... iiiiClopoIita __ it does doD beIweeD~ ,..... SeMltite sys-
DOt meet tbe d ofnnl_ wbiCb comprise 25 35 teDlI aIIo 1 Nodda.. and fldiDl
pen:eat of tbe popaIadoa aDd 14 perceIlt of the laud p......1iaIiIar to rMio aad telepbaae systems.
.... for couatriel lite die UaiIed States. Ia Idditicm. ~ medIodI of decnaiaI .. ialerference
Jar&er nual celli caa.~ the freqaeDcy mae iD iacIude u.e c:IMiaD maltiple a.cc-. (TDMA)or multi-
ad,;.ceot __-.1'1dIoccan.....alialle larp plaed (TDM) .,.... Sacb IystID catral re-
c:eUiI adjaceal to tevw.I .... ceUs which caaaot use 40 ceiYiq ataDoa to malliplu or iaterleaw user
the ...... CrequeDC)'. TbillIIId otber desip CODIider- sipalI iD tilDe 10 lbat each lipal only _ a portion of
atioDI aDdprdbleall for ceIhiI8r systeIIIS.are 6caued in the toIiaI otatpiq lipal to die_. The lime clivi-
l'unber detail in IEEE COMMtJN1CAnONS MAG- sioa appIdICb divide tile taCII spechua up into prede-
AZlNE. VoL 24. No. 2. '*"-Y.•986. tipeCiaUy tenaiMd teIIIIpOI'aI mer-... All ..... in the com-
papa 8-., wIIich IN iIIcotpoi.... benia by reference. 45 IIlUIIicaIir» repealer .,... IN IBocaIId ponicms of

It ilia previouIIy belli _al'_ tbat sateUite systemS dIiI tilDe COIlU'a1IId seq.... 1'bcrIfore. DO oIber user
IN required to ~icallypIoYide service to low iI UIiq die Iiak II tbe same euet tilDe. ne aUoc:ated
dalIity. rural or nlIDOIe -. However. satellite sys- paniaGI int very ...... die iD viaI very large
tall paeraJlya~hip 1IOIaIeCClIIIIDIIaic:l1ioo IiDka 10 tbat it 1ianII'I"" to lit However.
to uaasrer olberwiie teal_Wly baled telepboDe com- 50 dIiI ayac:bImi'l_ oflipallc:ralell nalu-
muaical:iosd over tiqIe ..... cIiIIaceI betweea terres- rallimit to die ..... of__ dill caabe coordinated
trial relay SlIIioDI tot furtber trIIIIIfer TbiI does DOl "1iInJ'IMOaIly" wbich iI lower tba deIind. Also
IIdcIr.a die needs of 1IIObiIe 1IIeII or IysteiII uen ai- ~ • larp ...... of simal...... usen
ready without local .-vice. ....y iDcI••• the c:ampIaily ad COlt of abe system.

Some satellite syIteiDI propoled to 1ddresI" What is iI a CClIIIIDuftirationI~ that ac-
siqle 1IIeI'I tbroaIfI~ - iaItead of Cell- commad_ IUIIDber of t-. tbroqIlout a
tra! relay IlI1ioJII. bUt'...bcp"" at wbieb satellites VIrilIty 01__ama__ from hiP deaIi&y arban to
operate aDd the methods ofb',-";iMD have led 10 the very low deaIity rural. TIle _aicerjon system
use of nlber larp ftsed ......... whicb IN upeasive needs to abibil _~••d CII*=itY witbiD sllDdard
&lid DOt ....... to .. in IDObi1e IystemL 60 ..,....a aDa clliDa budwidtbI but willi die same or

Proposed sateIUte .... .........y opente. ... c....aa... quality lbaa ...-ely Ivailable
POMA s,... -1oJfaI'UHF frequeacy repealerS In addiIioa. I aeed·also aiIa for • _uaicatiOD
IDd AM mtid.......... sach • AIIlpIitade Com- .,-capUle ofbl""Ua. hiPspeed low bit error rate
IDIIDded SiDale S1debad .(ACSSB). Frequency reuse cfiPtal data trIDIfenat low power deDIitieL
CaD be ....lor satellite .,... IiIIIilar to ceualar sys- 65 st1MMA1ly
teDlI cIiIcu.ed above The CODtiaealaI U.S CaD be cIi-
vided iDlO .eolflPbicaI repoa or cells by usial a mol- Therefore. willi tbe above disadVlDllpl present in
lipie beam 1D&eIIDa where I separate beam is used for the an iD dIiDd. it illD object of the pnseDl iDvention to
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sPft*l-tpeCUUlll COlimUlllicuioll lipals with respect to FIO. 13 is • papbic preMDuQoa of capacity venus
the local piIoI cbip....... The COIDpU'iIoa deter- __ eWpcicity;
... if' the rate for die aaaloI-tooeIiIital COIlvenioa FIO. 14 is. --1iIdaI of caPKity ven.. elliptic-
aeeda _juIIiq. ity ... uial ratio;

Uak chip _ ....... bit IIlqU8IICle corn.polMi- 5 PlO. 15 is • IChemetic of. deaaodulaaor used ill tbe
ill, to III Ulipod spndq flIIIcdoa wlaicb is ... by \lIB' ta'IIIiDa1 of FlO. 10; IIId
deIpteIdiq ....COIIMCted to die COIDbiDer for leD- FIO. 16 is ..........ric of.lDOClulaaor used ill the user
eraIiaI _.........,eaallllil ia-pbue IIId quIdra&ure termiD&I of the FIG. 10.
iaforIIIatioDIi"'"n-lipaia an dIeD CODIbiDed ill
III outpUt __ 10 fenD III output iafOl'llWioa sipal. 10 DETAILED DESClUPTION OF nEFERR.ED

lbe present illventioa provides • method of provid- EMBODIMENTS
iIIl hip capacity multiple -=ell commWlicauoas to • Tbe ..-c iDwatiaa c:oaapn. • DeW colIIIDlIIlica-
plurality ofcommwaicatioll MrYice asen. by coavenia, tiaa I'".....,..ODe or IIIOIe satellite or tarestri-
a plurality of narrow bud aaalos iaput or dilital data ally repeller lIIatioD to provide COIDIDl'aication
iapacIi.... iDto. pJuraIiIy ofwide badcode-diviIioD- 15 1iab a Iarp"--ofmobiJe or ftud. aad local
spNMI-apeca IIIIiI ec......ao. sipaIa. UIiq III ... or ,...--. To...a Iarp alllDba' of usen. the
liped apI'eIdiq ,..... ad a pndetenDiaed carrier .... tenDiaaII widIiD the coaDIaicalioa IysteID em-
freqUllllCYi applyias ....... iIaIIItioD to ~ ~~ty ploy DIW modnl'son ad demadullcon to .UIIIIIIlit
of~ C'GlDiMliilCl&lOa 11'- f~-eoded CWIIIII'UIIicatioa lipa.ls
naJs; U'IIIIIIIittia, tbe c:odHiviIia.......~ 20 ... Code DiYilioa Maltiple A=- (CDMA) spread
commUDication sipaIs to or from users;~~v~, specInIID tnnM ' • aD IipaIL III Iddicioa, system ca-
• code-divisioJl.sp.read-IperctrwD COIIUIlUlUCllUOll SlpW pIICity ad CO"""UDicIIioa is tanber enhenced by usial
received by • user to • narrow bead III&1og or dilital _ for providiaa ....... iIOIlIIioa betweea usen
iDforawioa sipal. . c:ompriI1q multiple beaaaplalled array lllten-

The metbod 01 the preaeat iDvenaon may aIIo com- 15 UI, poIarizatioD -henced IIlotlile __ for
priM the steps of~ • pilot chip sequace IDd ,---.~ "11'1II fat recepcioaaad trIllS-
U'IIIIIIIittiq aad receiviq tipall tbroqb repeateI'L miIIiaa ofcror.d=_iDD lipats, voiceor data activity
The'repeaaen CUI iacl1Ide allaat ODe temstrial aadlor swilebiq, or -J-tMIe .... tenIIiDal power coatrol.
at leut ODe sateUite baled repeater. AddidoulIy, iDdlPlndellt pilot chip IeqUIDCe sipals

ON OF TIlE DD "'WINGS 30 are ... to iaaprove aoqllilitioa ad tneItiq.
BIUEF DESClUPTI . ~ 1"I'aIII*-Ily. CDMA. ....... beId to be iDIerior u
T1Ie aovel leatanI 01 &be preaeat mWlltlOD may be • 8IIIltiple IIIClUiqae ia COIIIpU'iIOD to FDMA

better uadentood t'ro8I the lICClOIIlPUyUal delCription ad TDMA it ......,.s to pIOYide iaferior
whell taka iD CODjuDct:iaa with the lCCOIDPIIJIyiDl I...... udIinda 1111I .. baled OIl the arpmeat
drawiDp ia wbicb like c:bancren refer to like pans aad 35 that fat '!'DMA or PDMA. die II1IIIIIber of ..... bIIId-
ill which: . widtb chin'" thal a PveD bad CUI be divided iDto is

FIG. !AI is. plot or.....pia "...1IIpIJar cIevia- loJIPI'O.jm....yequal to die tocal badwidth divided by
cion from bonIiJbt ceater for III aempIary Illte1111a thelludwidtb per ... chamW w--. COMA pro-
used ill a sareUite cOll......calioa 1)'Item; vidII fewer ch"'llels IClCOlI'diq to the followinl Arp-

FIG. lb is a table of IICtIII1 aad '"weiIbted" users <40 1DIBL
venus IIlteaaa pia ad -iD* deYiaIioa for the III- lila badwidtb limited enviroIIIaeDt where a DlUDber
teaaa of FlO. !AI wbeD UIed ill· the COIIIID1IIIication 1)'1- orequal __ cIeIire to Iban• COlIDIDOD frequeacy baad
tem of the preaeat iDveatioa; UIiIII COMA. die IlUIDber of luch equal users is deter·

FlO. 2 is III overview of. coauaUDicatioa system milled by the followiDl formula:
COIIItI'UCted accordia& to die priacqties of die preseat .5
illveDtioa; IIS.WIIC-Bt/N. (I)

FIG. 3, is .sc........ ofa,.,.. employed ill the
system 01 FlO. 1 UIiq ..0IIIlIIi0direcI -raaa: wMre

FlO. 4 is • arapIIic pIcx of avenae UIII' power to I is the total iaterf.... power seeD by each user'1
establisb a COIIUIluicllioa IiIIk venus the ctiulllce from 50 receiver aad is equl to the total power of aU the
• terreIUiaI rep •Iter; ..... wiIiab is lIIqUI1 to the a...... of users times

FIG. 5 is. sche-Itic 0I111Otber repeater employed in tbe power per~
tbe syIteID ofFlO. 2 UIiq • pbIIed array llltaaa IU1IC- S is tile power ofODe UMr'slipal, tbuallS equals tbe
tuN; eft'ecIiw namber of UIeI'I;

FIG. 6 is alflPbic plot ofavenp user power venus" W is die blDdwidtb occupied by the spread specuwn
the distIac:e froaa a rtpeater; IipaJa;

FIG. 1 is a scbeaiIdc of III orbital repeater aad a Il is die data rate of each user; aad
COIDIDunicatiOD IJIfeID bub 1IIed ia the syscem of FIG. &IN. is the IiPlko-aoise ruio requind (or the
2; modulacioa aad cocliaI system employed

FIG•• is • plot 01 relative lipalltnmIth versus 60 Siace it .. be _ thal Will is die TDMA aad
poIicioa for ..... inIerfenDce panem; FDIiIIA ClIPICitY.tbe eDMA ClIpICity~ seem to

FlO. , is a RNm'tic view of a bab interferometer be1llwa,. .. by _ equal to &IN.. for pnca.
COIDID.anication link; cal .,...., applIO y 3-5 dB. dlplndiq on the

FlO. 10 is a ICIIeIIIMic oldie user terIIIiaal employed panicuIan of the mocllllaQon ad codinIlySteIIl em-
ill the IYlcem of FlO. 2; 65 pJoyed.

FIG. 11 is a view of III _taaa for ... in the Iystem n.....-c iDveatioa pady increaeI the capacity
of FlO. 2; of COMA IYItIIDI by employin, __ for producinl

FIG. 12 is an illustration of elliptical ratio; auqinal iIolaIion. The terID, IIWIiaal isolation, will be
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defiaed bereiD. The key idea is &bac the tpeCU'UID lad .....'. tbere it • _~cIiI&ribIa_ o( users
.lOIiva -lbeweilbMd - ofall the • iacideDt __ the fJ'Piaa17...- widtb oftbe UDiced .5 theD
power u iIlterf'ereace to the ODe cIIIind Ii U &he PIG. 1b sboWI how • tocal popuWioD ofJ3~ bu
.,-. .... -- to pn:Mde DGOoUDiform dIit __ .-...we atelierI'" • ~ uaen baYin, the
weiabtiDJ, thell mer- ill _.cily CIIIl be obUiDed 5 --.ell""_ of....
froID clift'.-.ia~ OOI'erellCdl toO small to Tbe ~" col_ lives···......,.. size o( each
be o( use to FDMA or TDMA IyaeIDI are quite valu- pia 11Ie .., o( UMn" col_ is ClIcuIattd by
IbIeto a COMA IYStem. lDIIltiplyiq .... COCU .......0(-. by dIit t'nccion of

III previoualy proporad COMA satellite systems, a UIeI'I &I tIIis pia. The foUowiD, equaaioD is UMd:
wide baad trIIISpoDder with eanb covera,e aDteDD& bu 10
... employed. Sa aD ....... pn.Mdel _Iy the
_ pia to all _ -.-a....... iI raJized
.....for it, .. -.wondor CDMA &baD for
TDMA. or FDMA. Tbe~ ill"," bowever. TIle 'OW...... , o( u.s" col.... is "'''&Ied by
... a 'rip wbicb pro- 15 ~cbe "'ofu-a" c:olwDD by tbe lllalimum
vidtI cbe hjIisy to 1UI'IiMI_.aoa Such 01_.....nit.......tbe~aumber
aD 11Io iacr SF the capac:lIy of FDMA aDd of 04Btba& \WNW produce the ... iDr.erfer.
TDMA.,..., but pa'OYidII far IlION c:&1*itY laiD eDOI u die ....iIl tbiI .... &I tbiI m,liIDum pin.
Cor CDMA. 1'biI it ...... FDMA IIId TOMA lyse The (oIlowiIIa eqUlltioD is UIed:
.- req'Iire .... 1$.cIB iIoIatiOII of co-c.....ge1 iii- 20
..ill order 10 JlfO"iIIIIIl'lOIPtIble perfora:auage, while
die COMA .- obUiM .... c:apICity iIIcreues
ere. iroWiaa • ..u .. 148.
...... ilDllIIiaa is dcfiaed • a .,.... c:Uncceris- It is importult to DO&e bow e~eIl &UeDuaQQu o( U small

lie tIIa& pnMdr ........ wei of tile illciclat reo ZS U 1 dB rlduce the wei&bted _ Lady. the
ceMld povc 01 iaMIf"'_ Embodi.lDeuti :'Weiablld , ofU~" is toWed. The 11\11Dber o~ users
of tile ..-caw._ l&IiIile tewnl._.Dimal for U1 1M U.s. wr .JUIIed Cor PurpQIeI o(m....UOD 10
pIV"idiaf iIoI.... inc:IudiDlmuhiple 11eer- that the HWeiJbtecl Total" wr approlUlwely 500 users
able __POIUiIIIiOD. (orawioD of U \lied above•
.......... __ frCIIID mulcipJe saceUites. path 30 Tbe "CDMA Reale FICIOI'" or 4.65 wr ca1culaled
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